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[57] ABSTRACT. 

The method of making a medical glove adapted to 
tightly conform to a wearer's skin and to be donned 
without the use of additional lubricants comprises the 
steps of applying a first layer of elastomeric material 
onto a glove form having the general contour of a 
human hand; applying a second layer, over the first 
layer; the second layer being a particulate suspension 
comprising an elastomeric material having particulate 
matter randomly distributed therethrough; the particu- 
late matter having a size greater than the thickness of 
the second layer of elastomeric material; curing the 
layers so that the first and second layers are perma- 
nently bonded together and the particulate matter is 
securely embedded within the second layer with por- 
tions thereof extending outwardly beyond the surface of 
the elastomeric material; removing the glove from the 
form; and reversing the glove to position the particulate 
matter on the inner, skin-contacting surface thereof. 

9 Claims, 4 Drawing Figures 
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ticulate matter securely embedded in and randomly 
METHOD OF MAKING MEDICAL GLOVE distributed throughout the inner layer. The particulate 

, ^„ - • ^ «• • ■ matter is preferably partially exposed on the inner, skin- 

BACKGROUND. OF THE INVENTION . ,y ; ^4 surface of he inner layer so that it extends 

This is a continuation-in-part of Application Ser. No. 5 beyond the inner surface to form protrusions on the 
705,385, filed July 15, 1976 now. abandoned. * inner surface in a size and shape, and in a quantity distri- 

This invention relates to methods for making medical bution, similar to a powdered glove. The separate inner 
gloves and, more particularly, it relates to unique meth- layer insures that the particulate matter will remain 
ods for making medical gloves that may be easily secured to the glove surface and will not be easily 
donned without the use of additional lubricants, such as, 10 abraded therefrom as in the case of prior powderless 
the conventional dusting powders. gloves. 

For medical, surgical and other uses, it is usually The secure attachment of the particulate matter is 
necessary that rubber articles of a tightly conforming enhanced by the method of the present invention which 
configuration, such as, gloves, finger cots and the like, is utilized in making the unique glove. The method is 
be lubricated on the skin-contacting inner surface in IS accomplished by initially applying a first layer of elasto- 
order to facilitate donning of the articles. Presently the meric material, such as, natural rubber latex, onto a 
standard lubricant utilized for this purpose is dusting glove form having the general contour of a human 
powder, e.g., cross-linked corn starch. However, cer- hand. A particulate suspension comprising an elasto- 
tain medical authorities feel that the use of loose dusting meric material having particulate matter randomly dis- 
powder during surgical procedures may be hazardous 20 tributed therethrough is then provided and applied to 
in that evidence exists that such dusting powders may the glove form over the first layer. After curing, the 
cause granuloma and other postoperative complica- first and second layers of elastomeric material are per- 
tions. Therefore, attempts have been made to eliminate manently bonded together and the particulate matter is 
the necessity of using loose dusting powder while at the securely embedded within the second layer. Preferably, 
same time providing an inner glove surface that will aid 25 the particulate matter is greater in size than the thick- 
in the donning of the glove. ness of the elastomeric material in the second layer, so 

Various methods have previously been proposed to that the elastomeric material will not entirely cover the 
provide slip finishes on rubber articles of this type. For surfaces of the particulate matter to thus expose por- 
example, the surface of a rubber glove, can be haloge- tions of the surfaces on the inner, skin-contacting sur- 
nated with bromine or chlorine to make it slippery. This 30 face of the glove. 

treatment, however, is very difficult to control in a The remaining method steps include stripping ofthe 
manufacturing process and the rubber articles are often glove from the glove form and reversing the glove to 
degraded by these strong oxidants resulting in discol- position the particulate matter on the inner surface 
ored, hardened articles with a shortened use potential. thereof. 

Furthermore, it has been found that a medical glove 35 A glove formed in this manner was found to be easily 
surface-treated in this manner is much more difficult to donned without the use of additional lubricants and the 
don than an untreated glove dusted with a conventional particulate matter remained securely embedded in the 
powder. inner, skin-contacting layer of the glove; 

It has been further proposed to provide a slip finish ^ nPSCRTPnoM OF THE drawing 

comprising a rubber latex blended with a resin latex. 40 BREEF DESCRIPTION OF THE DRAWING 
This approach also lowers the coefficient of friction of Other objects and attendant advantages of the present 
the rubber gloves but they suffer from the same deficit invention will become obvious to those skilled in the art 
of performance experienced in halogenated gloves in from a reading of the following detailed description 
that they cannot be donned without difficulty and cer- when read in conjunction with the accompanying 
tainly not as easily as a powdered glove. . . 45 drawings wherein: 

In addition to the foregoing attempts to produce a FIG. 1 is a cross-sectional view of a first dipping tank 
"powderless glove**, it has been proposed to deposit showing a glove form having a first layer of elastomeric 
granular material on the inner, skin-contacting surface material applied thereto; 

of a single-layer vinyl or silicone glove in order to re- FIG. 2 is a cross-sectional view of a second dipping 
duce the frictional contact between the glove layer and 50 tank showing the glove form of FIG. 1 having a suspen- 
se skin ofthe wearer and, thus, to aid in the donning of sion of elastomeric material and particulate matter ap- 
the glove. plied over said first layer of elastomeric material. 

Although this approach appears to be promising for a FIG. 3 is an elevational view of a finished glove; and 
vinyl or silicone glove, the possibility still exists that the FIG. 4 is a view illustrating an enlarged cross-section 
granular material, which is merely deposited on the 55 of the glove of FIG. 3. 

experienced with loose dusting powder. 

*«rww a « v ac un/cviTTAxi FIG. 3 illustrates a medical glove 10 constructed in 

SUMMARY OF THE INVENTION g) accordance with the present invention. When intended 

The present invention is directed to methods for mak- for surgical use, glove 10 is provided with five ringer 
ing medical gloves which may be easily donned without stalls 11, a palm portion 12 and a cuff 13. Obviously, 
the use of additional lubricants, such as, loose dusting glove 10 may be provided in a variety of sizes by utiliz- 
powder. ing different sized glove forms during the glove forming 

This is accomplished in accordance with the present 65 operation, 
invention by providing a medical glove having an outer Referring to FIG. 4, an enlarged cross-sectional view 
layer of elastomeric material, a separate inner layer of of the wall of glove 10 taken in the area of cuff 13 is 
elastomeric material bonded to the outer layer and par- illustrated in detail. This cross-sectional view is repre- 
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sentative of the uniform thickness and configuration iologically inert, smooth in external surface area (jpref- 

throughout the entire glove body and illustrates the erably spheroidal), low in coefficient of friction and the 

three main components of the glove structure. majority of the particles may be 5 to 40 microns in size. 

Glove 10 is formed with an outer layer 15 of elasto- To insure adequate bonding of a given particulate to the 

meric material having a desired thickness and flexibility. 5 eiastomeric substrate, specific elastomers are chenu- 

Outer layer 15 is preferably formed from natural rubber cally matched to specific particles to resist physical 

latex because the physical properties and cost of this abrasion of the particles from the binder matrix during 

material have been found to be superior to other elasto- the donning of the glove. 

meric materials for use in a medical glove. Representative commercially available particulate 

Securely bonded to the inner surface 16 of outer layer 10 matter which is comprised of particles that conform to 

15 is an inner layer 20 of eiastomeric material. Particu- the size and shape, inertness and lubricity, as outlined, 

late matter 22 is securely embedded in and randomly are polyethylene micro beads produced by U.S.I. Cor- 

distributed throughout inner layer 20 and is dimen- poration under the trade name Microthene and desig- 

sioned relative to inner layer 20 so that portions 22a nated by the product codes Microthene FN 500, FN 

thereof are partially exposed on the inner, skin-contact- 15 510, FN 520 and FN 524. Another usable micro bead 

ing surface 25 of the glove. In order to accomplish this, available from the same supplier is Microthene FN 532, 

the size of particulate matter 22 is greater than the thick- which is an ethylene- vinyl acetate copolymer. Many 

ness of the eiastomeric material in inner layer 20 and, other polymers, naturally occurring as well as man 

preferably, in the range of 5 to 40 microns. Whereas, the made, are available in the configurations suggested or 

thickness of inner layer 20 is preferably in the range of 20 could be modified to fit the desired parameters. 

5 to 30 microns and the thickness of outer layer 15 is The presently preferred particulate matter usable 

preferably in the range of 125 to 175 microns. with this invention is an epichlorohydrin cross-linked 

A glove having the above-described construction com starch which is a commercial product of Arbrook, 

may be easily donned without the use of additional i na sold under the trademark BIO-SORB* Absorbable 

lubricants, such as, loose dusting powder, because the 25 Dusting Powder. The particle size of this material is in 

partially exposed particulate matter not only acts as a the range of 5 to 40 microns. 

lubricant between the inner surface of the glove and the a s stated above, the primary function of the elasto- 

skin of the wearer, but also forms protrusions which mer j c material of which inner layer 25 is comprised is to 

partially isolate inner layer 20 from the skin and, thus, securely bind the low coeffecient of friction particulate 

reduces the overall skin-contacting surface area. 30 matter to the inside, skin-contacting surface of highly 

The preferred method for forming the unique medi- extensible eiastomeric articles, such as, natural rubber 

cal glove of the present invention is illustrated in FIGS. j atex gloves. Therefore, the binder preferably will not 

1 and 2. Referring first to FIG. 1, a glove form 30 hay- on i y p rov ide both static and dynamic adhesion to the 

ing the general contour of a human hand is shown posi- particles, but also preferably will possess physical prop- 

tioned within a dipping tank 32 which is filled with an 35 ert i es> 8UCn as, tensile strength, elongation, tear strength 

appropriate composition 34 of natural rubber latex. and modulus comparable to or compatible with the 

Form 30 is preferably of the porcelain type and may be natural rubber substrate. 

suitably cleaned and treated prior to its immersion in The binder also preferably will be resistant to the 
composition 34. The application of outer layer 15 of influence of processing chemistry, for example, ethyl- 
glove 10 is accomplished in a well known manner by 40 ^ oxide or ra diation sterilization, and to usage expo- 
dipping form 30 in composition 34 one or more times to S ures such as perspiration, scrub soaps and other aque- 
build up layer 15 to the desired thickness. ous exposures relative to the wearing and use of a medi- 

After layer 15 has been suitably applied to form 30, ^ glove or omer article. Another desirable criterion b 
the form is removed from tank 32 and transferred to tnat ^ particulate matter/binder composite not con- 
tank 40 (see FIG. 2). Suitable mechanical equipment, 45 tribute to skin sensitization relative to wearing the com- 
including form-transfer equipment, latex drying equip- m intimate contact with the skin, 
ment and the like may be utilized in the performance of jh e eiastomeric binder which has been found to meet 
the method of this invention, but has not been described ^ of ^ f oregom g desired criteria when utilized in 
herein in detail because such equipment is considered to combination with epichlorohydrin cross-linked corn 
be well known to a person having ordinary skill m the 50 sUrch ^ carboxylated styrene butadiene latex, 
art of making natural rubber latex articles. For a understanding of the present invention. 

Tank 40 is filled with a suspension 42 comprising ^ foUowmg examples illustrate various formulations 

eiastomeric material 20 and particulate matter 22. Dur- fof ^ p repa ration of suspensions to be applied to the 

ing this dipping operation, suspension 42 becomes de- 8Urface Q f natural rubber latex gloves to provide a 
posited on the surface of layer 15 and after a build-up of 55 lubricatmg m eans to aid in the donning of the gloves, 
desired thickness, form 30 is removed from tank 40 and 

the entire glove assembly is securely bonded together EXAMPLE I 

by subsequent application of heat in an appropriate A ^ Qyc fofm ^ genera i contour of a human 

curing oven (not shown). on which a layer of natural rubber latex is applied 

FoUowing the curing procedure, glove 10 is stripped 60 ^ ^ av thickness of 150 microns, is dipped into a 

from form 30 and reversed so that layer 15, which was ^ Mntaming ±c foUowing formulation: 
adjacent the form, becomes the outer layer of the glove. 

Preferably, the reversal of the glove is accomplished • [ 

concurrently with the stripping operation. Dry wgt Wet wgt. 

Although the exact size and configuration of particu- 65 carboxyUted styrene 

latematter22i S notcriti^.cert^propcrti« i mdchar- ^^Mo^ solids '°?5 ttS 

acteristics of the material have been found to be cesir- ^ oxidc dispersion. 50% solids 5.0 iao 
able. For example, the particles preferably may be phys- Epichlorohydrin cross-linked 
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-continued 

Dry wgt Wet wgt 

corn starch slurry 15% 20.0 133.0 

Carboxypolymethylene polymer 

thickener 500,000 - 1,000,000 

molecular weight .05 
Deionized wat er - to a solids dilution of 10% 

A layer of the formulation is deposited over the layer 
of natural rubber latex and the form is then removed 
from the tank. The composite article is then cured and 
the glove is stripped from the form in a manner that 
reverses the glove to place the first deposited layer on 
the outer surface of the glove. The thickness of the 
inner binder layer is IS microns and the size of the 
starch particles is in the range of 5 to 40 microns. 

Portions of the starch particles are exposed on the 
inner, skin-contacting surface of the glove and the glove 
is easily donned without the use of additional lubricants. 

EXAMPLE II 



In accordance with the general procedure of EXAM- 
PLE I, a glove is formed utilizing the following formu- 
lation: 





Parts by wgt 


Styrene-polyethylene butyleoe- 




styrene block copolymer 


100.0 


Pale crepe grade of natural rubber 


10.0 


White mineral oil 


100.0 


Toluene 


2200.0 


Eplchlcrohydrin cross-linked corn starch 


100.0 


. The glove is found to don easily without the use of 


j additional lubricants. 




EXAMPLE HI 




In accordance with the general procedure of EXAM- 


PLE I, a glove is formed utilizing the following formu- 


lation: 






Parts by wgt 


Brominated butyl rubber 


100.0 


Rubber grade stearic acid 


3.5 


2,2'-Methylene bis (4 methyl-6-t- 




butyl phenol) 


1.25 


Parafui wax 


5.0 


Mixtion Vapor* Talc 


25.0 


Petroleum jelly 


10 


Titanium dioxide, anatase 


2.0 


American process zinc oxide 


5.0 


Zinc dimethyl dilhiocarbamate 




masticated in a banbury mill 




or similar rubber compounding 




device and subsequently dis- 




solved in: 




Hexane 


2500 


Microthene* FN-510 polyethylene 


125 



The glove is found to don easily without the use of 
additional lubricants. 

It will be apparent from the foregoing description 
that the present invention provides a unique medical 
glove that may be donned without the use of additional 
lubricants and that may be easily and economically 
produced by utilizing conventional glove manufactur- 
ing equipment The method of making the glove con- 
templates only a single additional step in a standard 
process for making a natural rubber latex glove, i.e., the 
application of an inner layer comprising an elastomeric 
binder and particulate matter. 

What is claimed is: 

1. The method of making a medical glove adapted to 
tightly conform to a wearer's skin and to be donned 
without the use of additional lubricants, comprising the 
steps of: dip-coating a first layer of natural rubber latex 
onto a glove form having the general contour of a 
human hand; dtp-coating a second layer over said first 
layer, said second layer being a particulate suspension 
comprising an elastomeric material having particulate 
matter randomly distributed therethrough; the majority 
of said particulate matter having a size greater than the 
thickness of the elastomeric material in said second 
layer, applying heat to.cure said layers so that said first 
and second layers are permanently bonded together and 
said particulate matter is securely embedded within said 
second layer with portions thereof extending outwardly 
beyond the surface of said elastomeric material; remov- 
ing said glove from said form; and reversing said glove 
to position said particulate matter on the inner skin-con- 
tacting surface thereof; whereby, said particulate matter 
provides a lubricating means to facilitate donning of 
said glove without the use of additional lubricants. 

2. The method of claim 1, wherein the size of said 
particulate matter is in the range of 5 to 40 microns. 

3. The method of claim 2, wherein said particulate 
matter is starch. 

4 The method of claim 3, wherein said starch is a 
cross-linked corn starch. 

5. The method of claim 4, wherein said elastomeric 
material in said second layer comprises as a major com- 
ponent thereof carboxylated styrene butadiene latex. 

6. The method of claim 4, wherein said elastomeric 
material in said second layer comprises as a major com- 
ponent thereof styrene-polyethylene* butylene-styrene 
block copolymer. 

7. The method of claim 2, wherein said particulate 
matter is comprised of polyethylene micro beads. 

8. The method of claim 7, wherein said elastomeric 
material in said second layer comprises as a major com- 
ponent thereof brominated butyl rubber. 

9. The method of claim 2, wherein the thickness of 
said first layer is in the range of 125 to 175 microns. 

* • • • • 



60 
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[57] 



ABSTRACT 



Reduced aUeigenicity natural rubber latex articles having 
otherwise normal physical, mechanical, and chemical prop- 
erties are produced by inducing the antigenic components of 
the natural rubber latex to bloom onto and adjacent to the 
tissue contacting surface of the article prior to treatment with 
a screening reagent to sequester the antigenic regions. 

20 Claims, No Drawings 
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METHODS FOR REDUCING dramatically in (be last decade. At present, the most popular 

ALLERGENICITY OF NATURAL RUBBER explanations for the sadden up-tam in allergic reactions are 

LATEX ARTICLES ANDARTCCLES SO ^SSSw^tSS 

5 modification in the production methodology of natural rub- 

FEELD OF THE INVENTION ber latex articles in an effort to reduce resultant water 

pollution. These changes in production methodology have 
The present invention relates in general to methods for eliminated zinc salts used in the coagulation of the latex as 
producing latex articles formed of natural rubber. More a source 0 f ^ a pollution but may have inadvertently 
particularly, the present invention is directed to methods for increased the allergenicity of the natural rubber latex articles 
producing natural rubber latex articles having tissue con- so produced In 1982, the Federal Food and Drug Admin- 
tacting surfaces whose antigenic components are fixed to istration issued an alert regarding the allergenicity of natural 
one another without altering or degrading the molecular rubber latex products, originally believing that antioxidant 
structure of the latex material itself. In this manner, the preservatives and other metal containing compounds uti- 
present invention is able to produce latex articles possessing ^ed in their production were the source of the reaction, 
the beneficial chemical, physical, and mechanical properties Currently, those skilled in the art suspect that natural pro- 
of natural rubber latex while significantly reducing harmful teins and biopolymers embedded in the latex arc the prime 
immunologic reactions in hypersensitive individuals and antigenic candidates responsible for inducing allergic reac- 
minimizing the risk of inadvertent sensitization of unsensi- tions. 

tizedmmNrtduals coming mtora^ The earliest and most simple efforts at reducing natural 

devices and article so produced. Moreover, the methods of n ^ ktex allergenicity involved washing prc-treatment of 

the present invention are non-hazardous and readily appli- tfac harvested latex sap with water and detergents to solu- 

cable to existing latex article manufacturing procedures and bmze and antigenic protein components. Natu- 

uses - ral rubber latex sap is an oil-in-water emulsion of pure 

RAnrnROTTKm of thf TNVFNTION 25 cis-(polyisoprene), a naturally occurring plant polymer. As 

BACKGROUND OF THE INVENTION » harvested, this natural rubber polymer is suspended in the 

One of the earliest known elastomeric polymers, natural wa ter based emulsion by a group of naturally occurring 

rubber latex has long been utilized in a wide variety of surfactant and detergent type plant proteins. Mixing the 

commercial and consumer products ranging from automo- natural emulsion with excess water, or a combination of 

bile tires to sophisticated medical devices. Cured from the 3Q W ater and synthetic detergents or digestive enzymes, fol- 

railky sap collected from diverse plant sources including lowed by centrifugation to separate out the coagulated 

desert shrubs and tropical trees, the most common source of natural surfactant and detergent proteins effectively 

natural rubber latex is the Brazilian rubber tree, Hevea decreases the total number of allergenic proteins in the 

brasiliensis. Currently, it is estimated that nearly 40,000 natural raw material. As a result, latex articles produced 

products contain natural rubber latex. Of these, several 35 from the washed emulsions exhibit reduced antigenicity and 

hundred possess medical utilities including use as surgical ox allergenic properties. Alternatively, during the manufacture 

examination gloves, catheters, and bandages. Natural rubber m g process, some manufacturers include additional water or 

latex products exhibit a number of beneficial properties chemical extraction and washing steps to pull any 

including resistance to creep (undesirable material donga- r emaining , loosely bound antigenic proteins from the natural 

tion under constant stress) and compression resistance (the ^ rubber latex materiaL 

ability to return to original size and volume after squeezing). Both of {j^se washing procedures are effective at remov- 

Additionally, being derived in large volume from natural mg sourC es of antigenicity and at reducing resultant allergic 

sources, they are readily available andrelatively inexpensive responses. They are relatively inexpensive to implement as 

to manufacture and use. well. However, significant quantities of antigenic compo- 

Unfortunately, natural rubber latex has one serious draw- 45 ne nts remain in the latex articles treated with these prior art 

back. An estimated seventeen million people in the United washing procedures. Moreover, while applicable to large 

States alone are allergic to it The cured rubbers produced scale bulk material processing and to the production of 

from natural rubber latex contain naturally occurring emul- relatively unsophisticated articles, these techniques are not 

sifying proteins and other biopolymers with antigenic com- particularly suitable for the production of reduced allerge- 

ponents that make some people itch and others bum with ^ nicity precision made products and to products that remain 

rashes. Some highly sensitive individuals can be sent into m direct contact with individuals for extended periods of 

life-threatening anaphylactic shock with a mere touch. time. Precision made or complex products are not easily 

Because this natural rubber latex allergic hypersensitivity washed and their production processes cannot be interrupted 

develops only after some initial sensitizing contact with with additional handling steps and delays. Extended use 

natural rubber latex, health care workers were one of the first 55 products may possess sufficient residual antigenic properties 

populations recognized to be at risk. A growing number of to trigger allergic reactions following lengthy exposure, 

mechanical supplies and products including surgical gloves, in some circumstances, it may be possible to pre-trcat the 

elastic bandages, adhesive tape, blood-pressure cuffs, and natural rubber latex emulsions with chemical agents that will 

catheters are the common sources of exposure. Similarly, salt out or denature the suspended surfactant compounds, 

many consumer products also utilize natural rubber latex, 60 thereby reducing their antigenicity. Unfortunately, these 

most notably, kitchen gloves and condoms. Recently, some chemical treatments also may affect the latex itself. As a 

researchers have identified airborne microparticles of worn result, articles formed from such pre-treated materials may 

automobile and truck tires contained in roadside dust as an exhibit inferior physical, chemical, and mechanical 

additional source of natural rubber latex exposure and properties, and may be more suspectable to oxidative deg- 

subsequent development of hypersensitivity. 65 radation relative to untreated, though allergenic, latex 

Although first reported in the 1930s, the severity and articles. Compounding matters, in the heavily regulated 
number of natural rubber latex allergy cases has increased medical industry, these chemically modified materials may 
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be sufficiently different from existing, approved materials to rubber latex articles that do not significantly change the 

require expensive regulatory approval prior to their market- natural rubber polymers nor alter their chemical, physical, 

ing and use. and mechanical properties. 

A successful, yet expensive, alternative technique for Concomitant with each of the foregoing objects is the 

avoiding natural rubber latex hypersensitivity is to substitute * objective of producing reduced aUergenicity, natural rubber 

artificial or synthetic latex materials in place of the natural latex articles themselves which exhibit' the normally 

rubber latex. Latex water emulsions of synthetic rubber or expected ranges of beneficial physical, mechanical, and 

plastics obtained by polymerization enable manufacturers to chemical properties for such articles, 
precisely tailor the content of the emulsions in order to 

eliminate antigenic components. These synthetic latexes are 10 SUMMARY OF THE INVENTION 

particularly useful in coatings, paints and adhesives. Con- ^ T1 

doms and rubber gloves have been developed from synthetic • Generally stated, these and other objects are achieved by 

rubber latexes that, at present, do not induce a natural rubber present mvention which provides methods for producing 

latex-like hypersensitivity response in sensitized individu- natural rubber latex articles and devices that are significantly 

als. Unfortunately, these synthetic materials are significantly is h ypoaUergenic. Without changing or reacting with the prin- 

more expensive than natural rubber latex. More irnportanUy, f?* 1 P 01 ^™ ^components of the cured natural rubber 

their physical and mechanical properties are inferior in many • late * <■* methods of the present invention selec- 

applications. Some artificial rubbers lack sufficient elasticity Uv ^ y * tutr *j™ me reactivity of the naturally occurring 

or strength to function effectively as gloves. Others exhibit surfactant and detergent typeplant proteins present 

material creep when subjected to constant stress which *> ?» to the surface of the cured latex materialby 

results in sagging and bagginess that may interfere with their 1D ^ mgthe Wo°rning of the antigenic components to the 

operability. Others possess poor compression resistance and aces mtended to comc mXo ^ ™ ^viduai. In 

yield to compressive stress. ^ manner > 311 of the beneficial properties and aspects of 

a n o~^t* w i aa\ ~ au u Ay 1 natural rubber latex are maintained while the antigenic sites 

An acceptableraddk ground has been developed in some on ^ exposed surfaces of the materials are rendered vir- 
loafing processes that isolate the * tually mer " t0 me hod y>s immune system 
surfaces of the natural rubber latex articles with hod- ' _. , . ' , , ' _ 
allergenic materials such as polyurethane. These techniques Mo *I familiarly, the methods of the present mvention 
generally retain the beneficial mechanical properties of the useful for the production of "hypo" or reduced allergenic 
underlying natural rubber latex and bide the allergenic natura J rab ^ latex articles and devices which maintain the 
natural protein components to prevent hypersensitive indi- 30 ™^ and desirable physical, mechanical, and chemical 
viduals from reacting. Though effective, coating technolo- P"*"*" of unmodified natural rubber latex. The methods 
gies are not without their attendant drawbacks. By adding ? f ™! pisxat 1BVeI1,10 ■ m sim P le ' inexpensive, non- 
additional processing or manufacturing steps and expensive nazaxdous, . and readily applicable to existing latex article 
synthetic materials, they significantly increase the costs nianufartunng and 1 processing steps with minimal impact 
associated with the production of coated products. Though 35 °*5 than the beneficial reduction in surface aUergenicity. In 
seemingly stable, coatings may not provide permanent f broad aspec^ me present mvention i>r«lucesnamralmbber 
hypoallergenicity as cracking, peeling or abrasion during latex *ucles having reduced aUergenicity through the steps 
use still may allow the underlying natural latex to be of mducmg the naturally occurring antigenic components of 
exposed to sensitive individuals. This is particularly true for natural rubber latex to bloom onto or adjacent to at least one 
inflatable latex balloons where differential expansion rates 40 °. Utex article tissue """acting surfaces and then 
between the underlying latex and the coating may cause the tleatmg . bloomcd antigenic components with one or 
latex to be exposed more sheening reagents which chemically interact with the 
Even more recently, some researchers have identified ^VSffiS groups found along the chemical back- 

nonallergenic natural rubber latex produced from amative eo, T >ncnts m a k LnJan S 

nt.ntcn.t~c „ „ b1 /j _ . U " U,>, " MU " C 4J reaction which sequesters or otherwise covers up the antir 

plant so^cesJte example, a wild desert shrub Parthcmum genic re g ons of £ c ^ components> p 
argentatum, reportedly produces a natural rubber latex sap . . ... . . , 

lacking the allergy causing proteins present in sap derived An exemplary embodiment of the production methodol- 

from the Brazilian rubber tree. Though promising, these ogy of , to pres ent invention begins with the provision of a 

alternative sources may require genetic manipulation to natUnd rubber latex emulsion which includes the naturally 

increase their rubber formation to a point where rney will be 50 0ca " mg a f tI S emc surfa ctant-type molecules. From this 

effective competitors for the Brazilian rubber tree. It is also emulsion, a latex article having at least one surface intended 

suspected that they may contain their own surfactant and to ~ ntaCt 3 patiellt s ttssue is fanned ™ e blo °niing of the 

detergent type plant proteins that wfll ultimately induce anh8emc com P°nents onto and adjacent this intended tissue 

hypersensitivity responses in exposed individuals over time ^acting surface is induced, fa example by coagulation of 
following widespread application. 55 Iatex emulsion into a gel on an article forming mandrel 

i^i».i» ^.^fd,.™.,™,^' , and displacing the antigenic components toward the exposed 

Acwrdingly, one of the primary objectives of the present svlrfacc ^ geL Cheniical treatment of the bloomed 
mvention is to provide effective methods for reducing the . T~T uiuumcu 

t • . . ^ tauung effective concentrations of one or more screening 

.f an additional objective of the present invention to reagents under suitable reaction conditions of temperature 

provide methods for reducing the aUergenicity of natural and pH for a sufficient period of time to substantia^ 

robber latex articles that do not involve coating or grafting complete the screening reaction. Any unreacted saeenine 
additional polymers onto the surfaces of the articles. « reagent ^ te removed through washing along with ^y 

It is a stiU further objective of the present invention to other water soluble components remaining in the latex 

provide methods for reducing the aUergenicity of natural article. 
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Alternatively, following formation of the coagulated Moreover, side chains having detergent-like character may 

gelatinous natural rubber latex emulsion on the article be attached to the screening reagents to modify their parti- 

f nrming mandrel, the gel can be dried and cured in a tion coefficients. Similarly, attaching large or bulky side 

conventional manner prior to treatment with screening chains to mono- or difunctional screening reagents also 
reagent. The cured gel will continue to express the bloomed 5 enhances their screening ability. Oligimers and low molecu- 

antigenic components at its surface so that the chemical ^ W cight polymers containing appropriately configured 

treatment can effectively sequester the antigenic regions of functional groups also may be employed, 

these components without changing the underlying natural Regar di eS s of the screening reagent utilized, it is preferred 

rubber polymer. ^ fte ttcatin g conditions be relatively mUd. Accordingly, 

Those skilled in the art will appreciate that the methods of 10 reaction temperatures should be sufficient to induce chemi- 
the present invention may be applied to virtually all normal ^ reacti<m of me SCTe euing reagent with the antigenic 
latex article production steps as long as the appropriate ^^0^ without attacking the latex molecules. Tempera- 
concern is directed to avoiding obvious, undcsired reactions tme& raSi ^ ng from 2 0° C to 100° C have been found to be 
with vulcanization and antioxidant chemicals that normally ap|TCfriftte for this purpose. Similarly, treatment pH should 
may be present during latex article production. For example, 15 be appro p ria te to dttve the desired reactions forward but not 
the natural rubber latex emulsion itself can be treated to SQ ffXtrpmp to driwc un desired reactions. Exemplary treat- 
reduce allergenic protein by selecting one or more screening ment pHs range from 9 pH units to 12 pH units. Reaction 
reagents having appropriate partition coefficients to induce ranging from 1 minute to 30 minutes are also appro- 
blooming of the antigenic components at the emulsion . te M they do QQt significantly impact existing manufao 
interfaces simultaneously with their chemical treatment. ^ ^ oiocols witn unnecessary delays or complexity. 
Proper selection of the screening reagent's chemical prop- Effective concentrations of screening reagents may range 
erties can avoid any undesired reactions with additional from Ql wcight percent (wt %) to 10 wt % in aqueous or 
components of the emulsions. Alternatively, the emulsions non _ aq ueous solutions as these concentrations are generally 
can be coagulated onto forming mandrels which have been non-hazardous, non-toxic, inexpensive and easy to use. 
pretreated with a surface ^J*^ 25 Because me methods of the present invention are readily 
latex dipping. The ( methods of ^^^U^may latex £ roducti on techniques and 
also be applied to later f^f^J^J^n^^ methodology, the present invention is able to produce vir- 
scrcening reagents can be added to release coating formu- ^ benefit of 
lations or donning coating formulations to produce powder """y m " ; ! . „ , „\*;uit 
" " a 1 * ^- 1 * t* a^-a *u/(^u Wf ^i th+ having one or more tissue contacting surfaces that exhibit 
free formed latex articles. If dc ^ t ^. , ^^i2 *° significantly reduced aUergenicity. These articles include 
screening reagents can be m^orate4 into subse^ent ^ J exarmnaUon^oves/condoms, catheters, cath- 
polymer coatmg chemistry ^^^ ue ^»^ t ^ elation and occlusion balloons, bandages, and more, 
of the antigenic regions can occur simultaneously. It is also ' ° ' l 
contemplated as being within the scope of the present Further objects, features and advantages of the hypoaller- 
invention to treat both sides of a latex article. Thus, the first 35 genie natural rubber latex articles and manufacturing meth- 
bloomed surface can be treated with screening reagent in ods of the present invention, as well as a better understand- 
any of the previously discussed steps. Then, the opposite ing thereof, will be afforded to those skilled in the art from 
surface can be treated with one of the later stage techniques. a consideration of the following detailed explanation of 

Similarly, though it is preferred that the methods of the exemplary embodiments, 

present invention be utilized in conjunction with aqueous 40 DETAILED DESCRIPTION OF EXEMPLARY 

solutions, where appropriate, non-aqueous solutions may be " EMBODIMENTS 
utilized within the scope and teaching thereof. As a result, 

the methods of the present invention impart minimal impact The 'liypoallergenic" or reduced aUergenicity natural 

to normal rnanufacturing procedures, and may be utilized to rubber latex articles of the present invention are intended for 

treat raw latex, processed latex compounds, prevulcanized 45 use in place of virtually any natural rubber latex article in 

latex compounds, vulcanized articles, and finished latex order to reduce the incidence of latex sensitivity and allergic 

articles as desired. reaction experienced in the population at large. However, as 

Screening reagents that may be utilized to practice the those skilled in the art will appreciate, those circumstances 

present invention include a wide variety of chemical agents where direct tissue contact with latex articles is experienced 

Sat will react with one or more of the various functional 50 ™ the most likely targets for the significant benefits 

groups found along the antigenic component molecules achieved with the present invention. Thus, the hundreds of 

under conditions that are sufficiently mild to avoid signifi- medical devices, materials, and articles presently known 

cant interaction with the associated latex rubber or desire- may demonstrate the significant benefits of the present 

able emulsion components. As an added feature of the invention most clearly. 

present invention, the partition coefficient of the screening 55 In today's medical environments, medical personnel often 

reagents may be modified to harmonize or match the where latex gloves far hours on end. Dermatitis and more 

hydrophobic/hydrophflic character of the target antigenic troublesome allergic responses to the skin of their hands can 

components, or at least their antigenic regions, to enhance result from mis constant contact with the internal glove 

their screening effectiveness while improving their process- surfaces. Similarly, allergic responses can be induced in 

ing performance and further reducing their interaction with 60 medical patients and others routinely exposed to the external 

the underlying latex and emulsion components. surfaces of the gloves. Even more significantly, medical 

Exemplary screening reagents include rnultifunctional patients, particularly cardiac patients, may be exposed to 

chemical agents and particularly difunctional agents such as intimate latex-to-tissue contact for extended periods of time 
diepoxies, dialdehydes, dienes, bismalimides, and in connection with indwelling cardiac monitoring devices, 
diisocyanates, though additional multi- and difunctional 65 Here, allergic reactions can be devastating, 

analogs and even myofunctional chemical agents are con- For example, the commonly used Swan-Ganz catheter for 
templated as being within the scope of the present invention. monitoring cardiac performance may remain in a patient for 
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periods of 8 to 72 hours. The inflatable latex balloons alters only the antigenicity of the allergenic components of 
utilized to advance these catheters into the cardiac vascular the material. In addition to maintaining the physical and 
ture and to occlude individual arteries for pressure monitor- performance advantages of the different articles and devices 
ing purposes come into direct contact with the delicate so produced, there is an associated practical advantage that 
tissues lining the patient's vasculature. This long term, 5 results as well Because the underlying formulation of the 
mtimate tissue contact may be one of the most severe forms natural rubber latex remains unchanged by the present 
of latex exposure where the benefits of the present invention invention, additional clinical data should not be required to 
are most pronounced Because synthetic latex inflation bal- obtain regulatory approval prior to the medical use of the 
loons cannot match the physical, mechanical, and chemical claimed methods, materials, and devices. This feature alone 
properties normally occurring in natural rubber latex 10 ^ ^gnfficantly reduce the expenses normally associated 
balloons, they have not been able to function as effective tne Production of new or improved medical materials 
substitutes for natural rubber latex in this critical physical and of ^ fences which incorporate them 
environment. As previously discussed, the present invention is able to 
Accordingly, without limiting the scope of present F oducc hypoallergenic natural rubber latex articles exhib- 
invention, exemplary embodiments thereof will be discussed 15 iting these beneficial features and advantages without major 
in the context of exemplary medical inflation balloons and modification to normal manufacturing techniques. Of these, 
latex sheets or gloves because these articles are uniquely one of most common latex manufacturing procedures is 
illustrative of the principles and benefits of the present the tfP- fonnin S process. In this procedure, an article form- 
invention. However, it should be emphasized that the present m % mandrel is simply coated with the latex emulsion by 
invention is not limited to inflation balloons, sheets or 20 ^PP^g the mandrel into a latex emulsion bath or tank 
gloves, and is widely applicable to virtually any article, fofiowed by rinsing and drying/curing steps prior to removal 
device, or composition formed of latex. of the latex article from the mandrel. 

With the appropriate understanding of the broad scope of f Considerable effort is devoted to the design and manu- 
the present invention, catheter inflation balloons provide a rf f * e * Bnui « ****** 'W^Y con- 
very clear demonstration of the beneficial and desirable 25 ***** ° f Staud ? ss j! tcel or ceramic » %-forrrnng mandrels 
physical, chemical, and mechanical properties normally mUSt te . a ^ ura ^> ' ^eiisioned and shapM to produce the 
present in natural latex articles. In contrast to natural rubber, flf^priately sized and configured latex articles for their 
synthetic rubber latex baUoons formed of poly-isoprene and mteno^ purposes Most often the mandrels are incorpo- 
poly-butadiene are known to exhibit "creep" where the ^ted mto autoimted inass production techniques involving 
rubber material continues to elongate under constant stress. 30 *T ^moval of the mandrels into and out 
Following inflation and stretching, artificial rubber balloons ^^atment, emulsion, and rinsing baths in conjunction 
may elongate up to 50% over their original dimensions. Tne ^ ?!f V™* SUffiC16nt * wWutolld 
resultant bagginess may cause functional problems upon ^ USC aDd elevalCd tem P™^ 
withdrawal of the associated cardiac catheter if the sagging 111 somc c^cumstances, the dip-formed latex articles are 
balloon material engages delicate internal structures. 33 ^ v ^ d " °r ^ed mside out to peel or remove them from 
Additionally, synthetic balloons also exhibit compression me foimm S mandrels. Hie production of rubber gloves and 
resistance properties that are inferior to those normally condoms ^mmonly utilizes such an inversion step for 
present in natural rubber latex balloons. Under constant removal so toat *e inner surface of the finished article is 
compressive stress such as that which may occur during actuaUy ftc outer surface of originally m>formed prod- 
folding, shipping, or storage, these materials can become 40 uct * °> nvcr *ly» inflation baUoons arc not inverted for 
permanently deformed and take a distorted "sef' which may removal from ftc artfclc forming mandrel. Preferential 
adversely affect their function. stretching properties produced by the dip-forming process 

Dr/xHn/^ _j * ■« . . , . require that the balloons be removed without being turned 

Product shipping and storage conditions emphasize ^ a*«.,.i« > •* • * 

another benefit property norJdly associated wiZatural M ZS^LZ ' if 7* ^ maoa J° Wt 

rubber latex. When pToperly niaoufactured with the appro- 45 ^,!f t , , . °T? 8 ^ which may become 

' * - ™T ~1 ^5 , embedded m the latex article surfaces originally contacting 

rnnate anfcoxidant compounds, articles formed of natural ^ duiin ^.fo^g. interestiSTeven though 

rubber latex resist aging and can be stored for significant a*- c A i~+ * . , 6 uiuu^u 

periods of time without performance degradation. SuTme ^P; foimed f lat « artldes may ormay not be mverted during 

elastic modulous, burst^ssure, and aLba of Mation JS nmufactunng processes it is most commonly the 

™,/.Uo t K. i 1. i rZn 50 original outer latex surfaces produced directly on the article 

cycles beforef^uieof naturalml^texbaUoomrem^ fo^ng mandrels which ultimately come into contact with 

relatively constant during storage. This storage capability - . . ". 7 , . .. ' 

enhances the utility of sul. products and conuluteftoS ^e.In Aeexempl^ enAodm^nts of 

relatively low Jst when Contrasted to syTe& niS JVT" 1™?°*°° *" aMS * \ baan ' lt 18 ^ 

device& y that is treated durmg the manufacturing process to reduce its 

„ ' , , . , 55 allergenicity. However, it should be emphasized mat the 

Natural rubber latex is also chemically resistant to both present invention is equally applicable to treatment of the 

acids and bases and, in most circumstances, can be cowdd- inner a both surfaces of the latex articles. 

7of^^iTT n ^!^ CS ^ M V^ Broadly speaking, the present invention accomplishes this 

for rubber gloves and bandages. Moreover, natural rubber objective through a very few, simple steps mcorporated into 

ktex articles are an effective barrier to the transmission of „ dip. fonmng orother nLufacmZg protocols atX appro- 

bacteml and vmd pathogens which further enhances their pruteor prefeired stages. In its broadest aspect, theprKent 

m cai utility. invention induces the normally occurring natural rubber 

The ability to maintain these normally occurring benefi- latex antigenic components to bloom onto the article surface 

rial properties of natural rubber latex is one of the primary intended to contact tissue. In the a^-fonning process this 

strengths of the present invention. In contrast to prior art 65 can be accomplished by providing a natural rubber latex 

processes which may change the chemical structure of the emulsion which includes its normal compliment of antigenic 

natural rubber latex itself, the present invention targets and components. As previously discussed, these antigenic com- 
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ponents are comprised of a wide variety of naturally occur- the added focus of sequestering antigenic regions rather than 

ring biopolymers including proteinaceous and non- merely cross-linking proteinaceous tissues to prevent 

protein aceous compounds. These surfactant and detergent- mechanical degradation. 

like biopolymers typically incorporate a number of reactive The chemical treating step of the present invention is also 

functional groups along their protean or polymer backbones. 5 a simple process. It can be accomplished by dipping, 

For example, NH 2 , —OH, and =S are some of the func- S0 ^ B g > spraying, or any analogous technique that allows 

tional groups that provide reaction or docking sites for the ±t screening reagent to engage the bloomed antigenic 

subsequently applied screening reagents of the present onents under appropriate reaction conditions for a 

invention. While in some cases it may be possible to add the rf ^ ^ ^ rcaction to ^ fa 

screening reagents to the natural rubber latex emulsion as a w aaQ ^^ dip-forming methodology discussed herein, this 

preliminary manufactunng step, this may not be desirable if accompUshed ^ugh me provision of a simple 

the preservation of antioxidant compounds and preserva- aqueous OT nOD -aqueous dipping bath containing an effective 

tives is desired Many prior ait treatment protocols exhibit J 1 one OT more screening reagents under 

this drawback. However, by selecting screening reagents ^ reaction conditions of temperature and 

with appropriate partition coefficients and reactivity it is u fonned latex foxing bloomed antigenic 

possible to avoid undesirable interaction with antioxidant ^—,0^,,^ ^ sim pl y immersed in the treatment bath for the 

and preservative compounds by inducing antigenic compo- ap Zf op[illU . oftime, removed and rinsed in a separate 

nent blooming at the emulsion interfaces. {Q remove unreacted screening reagent and other 

The present invention overcomes the problems normally soluble components, 

associated with pretreatment of natural rubber lato emul- M gprocedureis equaUyappKcahle to cured latex 

sions by inducing the blooming of he f anUgemc emulsions and coagulated gels 

components, preferable onto and adjacent to the surface* alternative embodiments, the 

intended to come into ^contact with a patient s tissue. This P J d ^ ^ 

can be accomplished directly in the emulsion as discussed ""^ , ... _ * . 

, "7 . . ^ } , .. ... ... „ ,„ nents on then" surfaces are cured in a normal manner 

above as well as during the formation of the latex article ^ ™ ^ bloomed 

frcnnmen^almbberlatexemulsron.Fore^ aS^c ponents more tightiy to the convoluted 

the latex art.de is formed by dipping an article fenmng mo i^ sur ^ and nay redu^the ability of an aqueous 

mandrel into the Tatex ^ on ' ^ b . treating balh to penetrate as deeply into the latex structure as 

b ?rf*7^ 8 canbe accompfched with a non-aqueous bath or by treating 

of the dipped article forming mandreL x ^sumor coagulated gel. Exemplary non-aqueous 

Coagulation of the latex emulsion displaces the aqueous iadude OTgallic sohfeats such 35 alcohols, betones, 

carrier solution toward the exposed surface of the coagulated c and the like as known in the art and as compatible 

gel. In accordance with the teachings of the present ^ ^ reacdons ^ reactiwl conditions. Nonetheless, 

invention, as the emulsion coagulates the antigenic com- ^ ^ ^ modiflcations and alternatives allogenicity 

ponent concentration and associated phase differential 35 rf ^ cured latex Btfde surface is significantly reduced 

migrates toward the exposed surface aurying the water chemically treating the bloomed antigenic compo- 

soluble antigenic components with it Tbis results in their ^ abidance with the teachings of the present inven- 

loose incorporation to the coagulated gel structure at a j^" 1 6 

position onto or adjacent to the exposed gel surface. On a * 

macular level, tins exposed surface is highly convoluted « k any case, relatively mud reaction ~^ons are suit- 
and loosely covered with the exposed antigenic regions, of able for practicing the present invention. Mild conations 

the loosely embedded, bloomed^ntigenic surfactant com- *<*f> *° prevent the interaction of the screening reagent with 

Presented on the tissue contacting surface of the formed bloomed antigenic components ™ " 

latex article in a manner making them individually suscep- 45 ^^^^r^tT^ZZ^d 

tible to chemical screening treatment without affecting the into existing m^ufacturing processes JEx empkry mdd 

underlying base polymer of the natural rubber latex geL reaction conditions mclude temperatmes ranging from 

"7 y B "if"/ .. u-i^^Lt, approximately 20° C. to 100° C. Preferred temperatures may 

Chemically treating the bloomed antigenic componente W£ the order erf 60° C to 80° C Thus, chemical treatment 

with one or more screemng reagents sequesters theantigenic £ or baths can be produced and maintained 
regions of these oosely bound I expos^ **P*g™ *> ^pensively at room ternp^turTor slightly above This 

denng them virtuaUy inert to the ^bedy mmat system ^ aHSecning reaction without affect- 

dunng subsequent tissue contacting events K *Jf ^en- ^ ±t antioxidants which may be present in the latex 

ing or covering up of the antigenic regions that reduces the . J r 

aHergemrityofthe^ emulsion or the latex itself . 

invention, It should be emphasized that this is not a simple 55 Similarly, the reaction solutions or treatment baths should 

coating process as practiced in the prior art Hie present have a pH sufficiently high to induce reaction between the 

invention actively covers the aUergenic regions of the anti- target antigenic component binding regions and the screen- 

genie components on an individual molecular basis and does ing reagents without opening up the vinyl bonds of the 

so well into the interior of the convoluted surface of the associated natural rubber base polymer. Exemplary pH 

material without coating the material surface with films, 60 ranges for practicing the present invention mclude mildly 

polymer grafts or the like. basic treatment conditions of 9 pH units to 12 pH units. 

Similarly, chemical treatment with the screening reagent Preferred pHs may be on the order of 10.5. 

is not an enzyme treatment which digests one protein with Under these relatively mild reaction conditions it is appro- 

another nor is it a simple washing process which solubilizes priate to leave the screening reagents in contact with the 
and removes antigenic components. Rather, the method of 65 bloomed article surface for periods ranging from 1 minute to 
the present invention is more analogous to the chemical 30 minutes. The exact period can be determmed experimen- 
tanning or "fixing" of naturally occurring tissues, but with tally with Httlc effort in order to allow the screening reaction 
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to proceed to an effective end point Shorter exposure or surface, will be considerably more hydrophobic (water 

periods are preferred as they produce minimal impact or repelling). By tine tuning or harmonizing the hydrophobic/ 

delay an normal manufacturing processes. Accordingly, hydrophilic character of the screening reagent utilized, the 

Saf^SS 131181118 miDUteS t0 10 v*™** Mention can effectively targe* Hbese specifically 

may oe prererrea 5 hydrophobic or hydrophilic antigenic regions on the 

The screening reagents must be chemical compounds bloomed antigenic components, 

which react with the antigenic components under the rela- ~~ . . . ' ^ 

tively mfld conditions discussed above. Also, they should inrough experiment, it has been determined that the more 

not affect the biocompatibility or molecular structure of the Mrophobic or more hydrophilic screening reagents may be 

base rubber polymer and, preferably, be relatively non-toxic. in less under some circumstances than screening 

Selection of the reagents and reaction conditions in aceor- rea S ents **** exhibit both mildly hydrophilic and mildly 

. dance with the teachings of the present invention will flvdr °Phobic characteristics. Ethylene glycol diglycidyl 

accomplish these objectives. Exemplary chemical screening ether and ^ utaric dialdehyde are examples of screening 

agents useful for the practice of multifunctional and the Ic *g ents havin g partition coefficients midway between 

present invention include a variety of difunctional reagents hydrophobicity and hydrophilicity. It is believed that these 

such as diepoxies, dialdehydes, dienes, bismalinrides, and rea S ents antigenic regions closely adjacent to the 

diisocyanates. Specific exemplary screening agents within bloomed htex surfaces ramer ^ antigenic regions 

these classifications include ethylene glycol diglycidyl ether, Projecting out into the surrounding environments or deeply 

glutaric dialdehyde, 1,4-butanediol diglycidyl ether, and embedde d underlying base polymer or emulsion 
divinyl sulfone. TTiose skilled in the art will appreciate that ~ mteiface * ^perimental evidence indicates that this may be 

any similarly functional compounds may be utilized as toe most effective target for reducing allergenicity of natural 

screening reagents consistent with the teachings of the rubber latex materials. 

present invention. With this understanding in mind, an exemplary natural 
Additionally, modifying any of these reagents with reac- rubber latex manufacturing process incorporating the teach- 
tive groups and side chains is also contemplated as being 25 of tnc P 1 ^ 11 * invention can be practiced as follows. In 
within the scope of the present invention. For example, ^ embodinient °f present invention, treatment with the 
adding detergent-like side chains to the reagents can be used screening reagent will occur during the gel stage as this will 
to modify their partition coefficients. Alternatively, adding easv diffusion of the screening reagent into the 
bulky side chains may enhance their screening effectiveness nydrated gel material. Moreover, there is little or no inter- 
following reaction. Substituting oligimers and low molecu- 30 action between the screening reagent and any vulcanizing or 
lar weight polymers containing the appropriate functional antioxidizing chemicals present in the latex emulsion at this 
groups and side chains may also be used for the screening sta S e by virtue of the mild reaction conditions and the 
reagents. For example, the polyepoxy compound formed appropriately selected screening reagents, 
from polyvinyl alcohol and epichlorhydrin may be an effee- Exemplifying the ready applicability of the present inven- 
tive screening reagent 35 tion to existing production techniques, the first step in the 
Depending upon the screening reagent or reagents being manufacturing process involves compounding a natural rub- 
used, the chemical treatment may be conducted under dry, ber latex emulsion using standard formulations and tech- 
aqueous, or non-aqueous conditions. Aqueous conditions are niques. Typically, a raw natural rubber latex aqueous emul- 
pref erred as they are readily compatible with the natural sion is pretreatedwith a variety of vulcanizing, crnss- linHn g 
occurring latex emulsions and are considerably easier to 40 an< * antioxidant compounds including zinc oxide, sulfur, 
handle. Their relatively low expense and toxicity are addi- amines, thiols and other antioxidants and accelerators. This 
tional benefits. The concentration of screening reagent will combination of materials is heated and stirred under seal for 
also depend on the type of solution and the reagent itself. a period of hours to produce a raw material suitable for 
Exemplary screening reagent concentrations believed to be dip-forming or other manufacturing processes, 
effective range from 0. 1 wt % to 10 wt %, though greater or 45 Iniht standard dip-forrning procedure, the next step in the 
lesser concentrations are contemplated as being within the process involves dipping an article forming mandrel having 
scope of the present invention. Lower concentrations may the desired configuration into a standard coagulant system 
slow the reaction rate and resultant production process followed by drying. For example, a bead blasted stainless 
Whereas higher concentrations may be more expensive and steel forming mandrel may be dipped in a solution of alcohol 
difficult to deal with without producing a concomitant 50 Ca(N0 3 ) 2 . In some manufacturing techniques, the dip- 
production advantage. Accordingly, the exemplary concen- ping mandrel is "straight dipped" without a coagulating 
tration ranges are believed to be best and need only be pretreatment. In either approach, the mandrel is then dipped 
modified to accommodate circumstances or chemistry. into the natural rubber latex compound (which may include 
Further refinements of the present invention enable the stabilizers and other components as discussed above) and 
skilled practitioner to fine tune the hydrophobicVhydropriilic 55 removed with a thin coating of adhered latex emulsion, 
character of the screening reagents to more closely match After a brief period of time in air to allow the dipped latex 
those of the target antigenic regions presented by the emulsion to congeal and induce the surface blooming of the 
bloomed antigenic components. This helps to focus the antigenic components, the dipped, latex coated forming 
reactions on the target sites and away from the underlying mandrel is rinsed in a water bath to remove any easily 
base polymer. Specifically, as those skilled in the art will 60 soluble compounds and extract any ions and the tike from 
appreciate, because the bloomed antigenic components are the surface of the gelled emulsion. This produces a 
bound within the emulsion interface, surrounding latex gel, congealed, gelatinous latex article having a very high sur- 
er polymer, the projecting molecular elements will exhibit face area including the entrapped bloomed antigenic corn- 
increasing hydrophilicity (water compatibility) as they ponents with exposed hydrophilic and antigenic regions As 
extend away from the interface or article surface. Those 65 those skilled in the art will appreciate, washing will only 
molecular components closest to the surface, or embedded remove approximately 30% of these naturally occurring 
within the latex emulsion or article adjacent to the interface surfactant molecules. Thus, a significant proportion of those 
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antigenic components originally present in the latex emul- present invention, a competitive inhibition assay was con- 
sion remain at or near the bloomed surface of the latex gel ducted on a number of exemplary latex membranes and 

Further illustrating how easily the present invention is balloons. As known in the art, under appropriate experimen- 
integratedinto existing manufacturing technology, chemical ^ conations, a standard allergenicity curve can be devel- 
treatment of the bloomed antigenic components can be 5 Qped relating ^ quantity of latex allergenic component 
accomplished at this stage by simply doping the rinsed, associated 
latex coated forming mandrel in a treatment bath containing, duuca . 1 nuuum ^umaoui^aw 
for example, 5 wt% ethylene glycol diglycidyl ether in a percent inhibition produced. The quantity of latex allergen 
buffered solution at pH 10.5 at a temperature between 50° C. present in unknown extracts can then be measured by 
and 80° C. for approximately 3 to 15 minutes. An additional 10 comparing the inhibition produced by the unknown to the 
washing step in water at, for example, 60° C. for 20 minutes standard curve. For example, assays can be constructed to 
removes any unreacted screening reagent along with soluble measure the quantity of human immunoglobulin (an immu- 
ions, proteins, and other components not removed in the first nor eactive molecule), such as Ig^ binding to the allergenic 
rinse. Hie treated article is then dried and cured to its final componcnts Q f latex. If a sample of human serum containing 
form utilizing normal ir^uf acturing procedures such as 90 15 j is incubated with a solution con- 

minutes in a 90° C oven followed by removal from the * uu ^ - flnri j a t« t« u/iii 

dipping mandrel. This produces a natural rubber latex article «f * a P 0 *™ of ^ at « W1 J 

having normal chemical, physical, and mechanical proper- bind to the latex allergenic components in the solution. If 
ties with a tissue contacting surface including embedded this sample is then assayed, it is possible to determine how 
bloomed antigenic components that are effectively screened ^ much the amount of latex specific Ig E has been reduced by 
from allergic response by the screening reagent covering reaction with the anti-latex antibody. This reduction in 
their antigenic regions. detectable Ig^ can be expressed as a percent inhibition when 

Alternatively, the foregoing Hip-forming procedure for a control sample is similarly treated with a solution that does 
manufacturing natural rubber latex articles and membranes not contain allergenic components and subsequently tested 
can be practiced as usual with the treatment step following 25 f or Ig^ in the same manner, 
curing of the article. In this alternative procedure, the cured 
or finished article with the bloomed antigenic components 

presented on its surface is treated with the same treatment skmed m ^ ^ of determining allergenicity will 

solution bath as before and allowed to dry eifoer prior to or ^ ^ FescQtly competitive inhibition 

after removal from the forming mandrel. Either of these 30 ^ ^ ^ ^ rcsults depending upon the types 
alternative rnanufectirring protocols may be uted to prac- * ^me protocols utilized. As a result, it 

tree the present invention and nonaqueous treatment baths ^ allergenicity between vari- 

may be utilized where appropriate. ^ . J . A , < « - 

ft should be emprms^again that these protocols are <™ ™&* m However utilizing careful assay techniques 
exemplary only 3 are intended to illustrate the ability of 35 apprc^ c^ittrob, it Y^^"™*™ 1 ^*™ 
the iJesent invention to integrate into existing manufactur- allergenic^ and to control for the widely varying test 
ing procedures. Alternative manufacturing processes known results, 
in the art and not discussed herein are equally suitable for 

integration with the teachings of the present invention to r 
produce hypoallergenic natural rubber latex articles as dis- 40 Accordingly, in order to quantify and verify the reduction 
closed. For example, the raw latex emulsion may be treated in allergenicity obtained through utilization of the present 
with one or more screening reagents having partition coef- invention, competitive inhibition assays were conducted 
ficients sufficient to induce antigenic component blooming analogous to those reportedly being developed by the United 
at the emulsion interfaces to treat the reactive sites. States Federal Food and Dmg Administration for measuring 
Alternatively, the coagulant system applied to the forming 45 the allergenicity of latex gloves. Appropriate comparative 
mandrel may be formulated to include one or more screen- controls were put into place to contrast untreated natural 
ing reagents. This will allow the inner surface of the gelled rubber latex membranes and balloons with those treated in 
emulsion to be treated, and does not prevent subsequent accordance with the teachings of the present invention to 
treatment of the outer gel surface. Similarly, the outer quantify the reduction in allergenicity produced. In the 
surface of the latex article can be treated as discussed above 50 following examples, the allergenicity is expressed as a -log 
prior to inversion of the article and treatment of the inner ratio log jgAo numbers close to or below zero are 

surface through dipping, spraying, or other treatment If mdicative 0 f very small or inferior reductions in allergenic- 
desired, the screening reagents can be incorporated into between treated versus control articles. Log ratio num- 

powder-freerelease coating or donning coatmg formukttons ^ Qf 10 . a ^ % ^^on in allergenicity. Log ratios 
which are typically applied to many latex articles asknown 55 \ reduction in allergenicity and so on. 

in the art. It is even contemplated as being within the cope ^ 0 

of the present invention to incorporate one or more screen- 

ing reagents into actual polymer coatings which can be following nonlimMng examples, the same 

applied to the finished latex articles to simultaneously coat ™ cacn 01 ~ c 1U "« W "»S uuuummug ' 
and sequester antigenic components. The only significant 60 testing protocol was used to determine allergemcity. Natural 
limitation is to the hroad basTapplicability of the teachings rubber latex articles were treated in accordance with the 
of the present invention to most phases of article fuming teachings of the present invention at either the coagulated 
technology are potentially undesirable chemical reactions natural latex gel stage or at the cured latex membrane stage, 
which can be eliminated through routine experimentation by The principal differences between the various exemplary 
those skilled in the art 65 treatment protocols are the screening reagents utilized and 

To demonstrate the reduced allergenicity of the latex me modifications of the different treatment conditions as 
articles produced in accordance with the teachings of the identified by the column headings. 
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have occurred with the screening reagent at the gel stage. 



Drrinyl Sulfbne Screening Reagent 
Treatment of Cured Latex Membrane 

Cddcco- Allergen- 

tration Tunc Temperature pH icity 

(wt%) (Minutes) (Degrees C.) (pH Units) (-L og Ratio) 

3 10 60 9.5 -0.25 

10 3 60 9-S -0.32 

10 30 60 95 0.56 



Example 1 is indicative of a small improvement in 
aUergenicity, at best, over an untreated control sample. 

EXAMPLE 2 



Glutaric Dialdehyde 





Coagulated Natural Latex Gel 




Cone en- 








Allergen- 


tratkm 
(wt%) 


Time 


Temperature 


pH 


icity 


(Minutes) 


(Degrees C.) 


(pH Units) 


(-Log Ratio) 


03 


10 


60 


9.5 


« 


03 


3 


60 


95 


0.6 


03 


30 


60 


9.5 


* 


03 


1 


60 


9.5 


0.28 


1 


30 


60 


95 


* 


1 


10 


60 


95 


* 


1 


3 


60 


95 


1.52 


1 


1 


60 


95 


1.52 


3 


30 


60 


95 


* 


3 


10 


60 


95 


* 


3 


3 


60 


95 


1.15 


3 


1 


60 


95 


0.55 


10 


1 


60 


95 


>1.7 


10 


3 


60 


9.5 


>1.22 


10 


10 


60 


9.5 


0.49 


10 


30 


60 


9.5 


>0 



* Samples not submitted for analysis. 
Note: 

Total teaching time for experimental balloons was longer than for control 
balloons. 



Example 2 is indicative of a significant improvement in 
aUergenicity obtained at the gel stage relative to untreated 
control articles. Variations in assay results make it difficult 
to determine the optimum experimental conditions with this 
initial analysis. Additionally, the screening reagent is 
believed to have interacted with ammonia present in the 
latex emulsion. 

EXAMPLE 3 



5 







Denacol EX-313 






Treatment of Coagulated Natural Latex Gel 




Concen- 


lime 




Allergen- 


tration 
(wt %) 


Temperature pH 


icity 


(Minutes) 


(Degrees C.) (pH Units) 


(-Log Ratio) 


03 


30 


60 9.5 


2 


1 


10 


60 95 


0.72 


3 


3 


60 95 


-0021 



Note: 

Total leaching time for experimental samples was longer than for control 
samples. 



Example 4 is indicative of widely variable reductions in 
aUergenicity that may actually be illustrating limitations 
with the competitive inhibition assay itself. Alternatively, 
increased reaction duration apparently increased the reduc- 
20 tion in aUergenicity obtained with this screening reagent 
treatment at the gel stage. 

EXAMPLE 5 



25 



30 



Concen- 
tration 
(wt%) 


1,4-Butanediol Digtyckryl Ether 
Treatment of Coamilated Natural Latex Gel 




Tune 
(Minutes) 


Temperature 
(Degrees C.) 


PH 

(pH Units) 


AUergen- 
icity 
(-Log Ratio) 


5 


1 


60 


10.5 


037 


5 


5 


60 


10.3 


1.4 


10 


1 


60 


10.5 


0.49 


10 


5 


60 


105 


1.7 



35 

Example 5 is iUustratiye of a number of different aspects 
of the present invention. First, diepoxy screening reagents 
may need higher pHs to be effective. More importantly, the 
reduction in aUergenicity achieved utilizing these reagents in 

40 accordance with the teachings of the present invention are 
significantly higher and relatively more consistent in view of 
the known variability of standard inhibition assay results. 
Moreover, the 1,4-butanediol diglycidyl ether screening 
reagent is mare hydrophobic than the relatively hydrophiUc 

45 screening reagents utilized in the previous examples. This 
indicates that the target antigenic regions on the bloomed 
antigenic components are closer to the surface of the latex 
article. Screening these areas produces a more dramatic 
reduction in aUergenicity. 

C EXAMPLE 6 



Glutaric Dialdehyde 
Treatment of Cured Latex Membrane 

Conccn- Allergen- 

trauon Tune Temperature pH icity 

(wt%) (Minutes) (Degrees C.) (p H Units) (-Log Ratio) 

3 10 60 9.5 1.66 

10 3 60 9.5 1.16 

10 30 60 9.5 1.23 



Ethylene Glycol Diglycidyl Ether 

^ Treatment of Cured Latex Membrane 

Concen- Allergen- 

tration Time Temperature pH icily 

(wt %) (Minutes) (Degrees C.) (pH Units) (-Log Ratio) 

3 10 60 95 1.61 

60 10 3 60 9.5 >2.25 

10 30 60 9.5 >2.25 



Note: 

As with Example 2, treatment of the latex articles with the **>" mdicate5 assay results below the minimum detectable level, 
higher concentrations of the same reagent, but at the dried or 

cured stage, produced equally significant reductions in aUer- 65 Example 6 is ulustrative of equaUy significant reductions 
genicity. AdditionaUy, treatment at this stage in the manu- in aUergenicity obtained with ethylene glycol diglycidyl 
facturing process eliminated the ammonia reaction that may ether, a screening reagent exhibiting both mildly hydropho- 
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bic and mildly hydrophilic character analogous to that of 
1,4-butanediol diglycidyl ether. 

EXAMPLE 7 



Ethylene Glycol Diglycidyl Ether 
Treatment of Coagulated Natural Latex Gel . 



18 

-continued 



Ethylene Glycol Diglycidyl Ether 
Treatment of coagulated Natural Latex Gel 



Concen- 
tration 
(wtfc) 



Time 
(Minutes) 



Temperature 
(Degrees C.) 



Allergen- 
pH icily 
( P H Units) (-Log Ratio) 



(wtfc) 


Time 
(Minutes) 


Temperature 
(Degrees C.) 


pH 
(pH Units) 


Allergen- 
icily 
(-Log Ratio) 


03 


30 


60 


103 


* 


I 


10 


60 


10.5 


* 


3 


3 


60 


10.5 


0.19 


10 


1 


60 


103 


2 


10 


3 


60 


103 


232 


10 


10 


60 


103 


2.7 


3 


10 


60 


103 


232 


3 


30 


60 


103 


* 


3 


1 


60 


103 


-U 


03 


10 


60 


103 


• 


03 


3 


60 


103 


-0.14 


03 


1 


60 


103 


-.1 



10 



5.0 
5.0 
5 JO 
5jD 



50 
50 
SO 
50 



50 
60 
60 
50 



113 
103 
113 
113 



>1>40 
>132 
>132 
1.22 



15 



longer than for control 



• Samples not submitted for analysis. 
Note: 

Total leaching time far experimental samples was 
samples. 

Note: Total leaching time for experimental samples was 
longer than for control samples. 

Example 7 illustrates that equally effective reductions in 
allergenicity were obtained with ethylene glycol diglycidyl 
ether screening reagent treatment at the coagulated latex gel 
stage under differing treatment conditions. 

EXAMPLE 8 



Ethylene Glycol Diglycidyl Ether 
Tr^tflvnt of coagulated Natural Latex Gel 



tration 
(wt%) 


Time 
(Minutes) 


Temperature 
(Degrees C.) 


pH 

(pH Units) 


Allergen- 
icity 
(-Log Ratio) 


03 


10 


60 


103 


-0.23 


1 


10 


60 


103 


-0.13 


1 


3 


60 


103 


-0.62 


1 


30 


60' 


103 


1.7 


1 


1 


60 


103 


-032 


3 


10 


60 


10.5 


2.7 


10 


10 


60 


103 


2.4 


3.0 


30 


60 


103 


>13 


3.0 


5.0 


60 


103 


>U 


30 


80 


60 


103 


>C96 


40 


3.0 


60 


103 


>1.7 


40 


SO 


60 


103 


0.48 


40 


8 JO 


60 


103 


105 


80 


3D 


60 


103 


1.7 


8.0 


50 


60 


103 


>132 


8.0 


80 


60 


103 


>1.4 


3.0 


8D 


70 


93 


>0.8 


3D 


30 


60 


93 


0.62 


30 


80 


60 


103 


0.41 


3J0 


30 


70 


103 


-0.49 


8j0 


80 


60 


9.5 


>20 


80 


30 


70 


9.5 


1.7 


80 


80 


60 


93 


1.7 


SO 


3.0 


60 


103 


-0.14 


8j0 


8.0 


70 


103 


052 


8j0 


30 


60 


103 


0.19 


8j0 


80 


70 


103 


039 


50 


50 


60 


103 


>105 


SO 


50 


50 


113 - 


>1.40 


SO 


SO 


50 


103 


>U5 


50 


SO 


60 


113 


>132 



Example 8 is illustrative of the effectiveness of ethylene 
glycol diglycidyl ether screening reagent applied at the gel 
stage under various reaction conditions of concentration, 
time, temperature, and pH. As before, significant reductions 
in allergenicity versus untreated controls were obtained with 
this screening reagent The limitation of the assay are also 
evidenced by the divergent results at similar treatment 
20 conditions. 

In closing, it should be understood that the embodiments 
of the present invention disclosed herein are illustrative of 
the principles of the present invention, and that other modi- 
fications may be employed which are within the scope 

25 thereof. For example, natural rubber latex sap or emulsions 
obtained from alternative sources may be employed. Alter- 
native reagents and associated treatment steps and condi- 
tions also may be employed within the scope of the present 
invention. Accordingly, the present invention is not limited 

30 to that precisely as disclosed and described, and is limited 
only by the appended claims. 
What is claimed is: 

1. A method for the production of a hypoallergenic natural 
rubber latex article having normal physical, mechanical, and 
chemical properties and at least one tissue contacting surface 

35 exhibiting reduced allergenicity, said method comprising the 
steps of: 

providing a natural rubber latex emulsion including anti- 
genic components; 
forming a latex article from said emulsion, said article 
having at least one surface intended to contact tissue 
and having at least one exposed surface; 
inducing the blooming of said antigenic components onto 
and adjacent to said at least one surface by coagulating 
the latex emulsion into a gel on the surface of the 
dipped article and displacing said antigenic compo- 
nents of said gelled latex emulsion toward the exposed 
surface of said gel; and 
chemically treating said bloomed antigenic components 
with at least one screening reagent to sequester the 
antigenic regions of the said bloomed antigenic com- 
ponents by dipping said bloomed gelled latex emulsion 
into a treating bath containing an effective concentra- 
tion of said at least one screening reagent under mild 
conditions of temperature and pH for a sufficient period 
of time to react said at least one screening reagent with 
said bloomed antigenic components, whereby said 
screening reagent selectively chemically interacts in a 
linking reaction with the antigenic regions of said 
bloomed antigenic components. 

2. The method of claim 1 wherein said natural rubber latex 
article is farmed through the additional steps of dipping an 
article fonning mandrel into said latex emulsion; and 

removing said dipped article forming mandrel from said 
emulsion. 

3. The method of claim 2 further including the step of 
rinsing said treated gel to remove unreacted screening 
reagent and any other soluble components. 



40 



45 



50 



55 



60 



65 
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4. The method of claim 3 wherein said effective concen- 
tration of said at least one screening reagent ranges from 0. 1 
wt % to 10 wt %. 

5. The method of claim 3 wherein said temperature of said 
treating bath ranges from 20° C. to 100° C. 5 

6. The method of claim 3 wherein said pH of said treating 
bath ranges from 9 to 12. 

7. The method of claim 3 wherein said sufficient period of 
time ranges from 1 minute to 30 min utes. 

8. The method of claim 1 wherein said at least one 10 
screening reagent is a multifunctional agent 

9. The method of claim 8 wherein said multi-functional 
agent is a difunctional agent selected from the group con- 
sisting of diepoxies, dialdehydes, dienes, diisocyanates, and 
bismalimides. is 

10. The method of claim 1 wherein said at least one 
screening reagent is a difunctional agent selected from the 
group consisting of ethylene glycol diglycidyl ether, 1,4- 
butanediol diglycidyl ether, glutaric dialdehyde, and divinyl 
sulfone. 20 

11. The method of claim 2 further comprising the addi- 
tional step of curing said gelled latex emulsion prior to 
chemically treating said bloomed antigenic components 
with said at least one screening reagent 

12. The method of claim 1 further comprising the addi- 25 
tional step of identifying at least one target antigenic region 

of said bloomed antigenic components; and 
harmonizing the hydrophobic^ydrophilic character of 
said at least one screening reagent to the hydrophobic/ 
hydrophilic character of said at least one target anti- 30 
genie region. 

13. The method of claim 12, wherein said at least one 
screening reagent exhibits a hydrophobic^ydtophilic char- 
acter that is both mildly hydrophobic and mildly hydro- 
philic. 1 " 35 

14. The method of claim 12 wherein said at least one 
screening reagent is ethylene glycol diglycidyl ether, . 



20 



15. A natural rubber latex article having normal physical, 
mechanical, and chemical properties, and at least one tissue 
contacting surface exhibiting reduced allergenicity, said 
article produced through the steps of: 

inducing the blooming of the natural rubber latex anti- 
genic components onto and adjacent to said at least one 
tissue contacting surface of said article by coagulating 
the latex emulsion into a gel on said surface of the 
dipped article and displacing said antigenic compo- 
nents of said gelled latex emulsion toward said surface 
of said gel; and 

chemically treating said bloomed antigenic components 
with at least one screening reagent to sequester the 
antigenic regions of the said bloomed antigenic com- 
ponents by dipping said bloomed gelled latex emulsion 
into a treating bath containing an effective concentra- 
tion of said at least one screening reagent under mild 
conditions of temperature and pH for a sufficient period 
of time to react said at least one screening reagent with 
said bloomed antigenic components, whereby said 
screening reagent selectively chemically interacts in a 
linking reaction with the antigenic regions of said 
bloomed antigenic components. 

16. The natural rubber latex article of claim 15 wherein 
said natural rubber latex is gelled 

17. The natural rubber latex article of claim 15 wherein 
said gelled natural rubber latex is cured. 

18. The natural rubber latex article of claim 15 comprising 
a glove. 

19. The natural rubber latex article of claim 15 comprising 
a condom. 

20. The natural rubber latex article of claim 15 comprising 
an inflatable balloon. 
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